Abstract Arterial stiffness is an increasingly recognized independent predictor of cardiovascular morbidity. Vessel volume and wall texture are the main determinants of pulse wave velocity (PWV), the most commonly used indicator of arterial elasticity. Hence, measurements of PWV will be affected by the site of measurement and the overall dimensions of the vascular tree as well as by alterations of vascular morphology. In children, methodological heterogeneity and the lack of pediatric reference values complicate the interpretation of PWV. Arterial elasticity is altered in numerous clinical conditions such as vasculitis, end-stage renal disease, and diabetes. Novel evidence suggests that acute postinfectious glomerulonephritis, but not pyelonephritis, is also associated with increased arterial stiffness, the persistence of which may predict the emergence of chronic kidney disease. We review the potential mechanisms underlying the link between acute and chronic kidney disease and impaired arterial elasticity. These might include activation of the renin-angiotensin system, sympathetic hyperactivation, and a subclinical state of inflammation. In view of the excessive cardiovascular comorbidity associated with kidney disease, the increasing evidence of the prognostic relevance of arterial stiffness should encourage further research investigating the usefulness of PWV as a biomarker in acute and chronic kidney disorders.
In this issue of the journal, Yu et al. [1] report their finding of an increased brachial-ankle pulse wave velocity (baPWV) in children with acute post-streptococcal glomerulonephritis (APSGN). They interpret this phenomenon as reflective of a state of inflammation affecting systemic arterial function and speculate about the potential prognostic relevance of a prolonged increase baPWV after APSGN. Notably, similar changes were not found in children with acute bacterial pyelonephritis. The finding that changes of arterial function are present outside the kidney in APSGN is an interesting observation that deserves further attention.
Clinical relevance of PWV
Vascular physiologists consider pulse wave velocity (PWV) a reliable measure of arterial stiffness [2] . PWV has recently become a focus of interest in a number of clinical conditions where functional and morphological alterations of the arterial tree are of prognostic relevance. Consistent changes in PWV have been observed in children and adults with end-stage renal disease [3] [4] [5] [6] [7] , diabetes mellitus [8, 9] , and vasculitis [10] [11] [12] . Arterial stiffness has been attributed independent prognostic significance. Increased PWV predicts cardiovascular morbidity and mortality in patients with hypertension, end-stage renal disease, diabetes, old age, and even in the general population [13, 14] .
Principles of arterial mechanics
To understand how changes in the texture of the arterial tree lead to an increased arterial stiffness measurable by alterations in pulse wave velocity, it is essential to review some basic principles in arterial mechanics and to have a closer look at the measurement techniques.
The propagation model of the arterial system assumes that there is an increase in stiffness along the vessel tree depending on the vessel composition, diameter, and wall thickness. In this model, the speed of a pulse wave traveling along the arterial tree can be described by the relationship between a change in pressure and the resultant change in vessel volume (c0=√(V*ΔP/p*ΔV) [15] . A highly distensible vessel will react with a greater volume change at a given pressure, resulting in a lower pulse wave speed.
Pulse waves are recorded at two distinct sites of the body and the time delay is related to the covered distance between those two sites (Vp=ΔD/ΔT).
Due to the varying distensibility of arteries along the arterial tree PWV, measurements must take into account the site of examination. According to expert consensus [2] , aortic pulse wave velocity (aoPWV) is considered the gold standard to evaluate central arterial stiffness. Brachial-ankle PWV measurements are predominantly used in Asian countries, as in the study by Yu et al. While correlation studies have shown that baPWV provides comparable information as aortic PWV [16] , it should be noted that baPWV covers more peripheral arteries including segments of the arms and legs resulting in systematically higher velocity than aoPWV [17] . At any rate, the information provided by Yu et al. is internally consistent since baPWV was used in patients and controls.
Measurement techniques
Pulse waves can be recorded by different techniques, including Doppler sonography, applanation tonometry, oscillometry, and even magnetic resonance imaging (MRI) techniques. The Collin-Omron device used by Yu et al. is an oscillometric instrument. In pediatrics, oscillometric measurements appear most appropriate because children will more likely accept a procedure resembling a blood pressure reading than a procedure that requires a direct pressure application over an artery or lying still in an MRI tomograph for considerable time. Recently, several oscillometric devices for the measurement of pulse wave velocity have been developed and applied in the pediatric environment, among them the Collin-Omron device measuring baPWV, the Arteriograph and the Vicorder evaluating carotid-femoral pulse wave velocity. At the present time, all of these techniques await stringent validation and cross-validation in children. Moreover, while PWV appears to increase substantially with body growth during childhood, reference data sets remain to be established in healthy children.
Mechanistic links of PWV to acute and chronic disease
The finding that systemic PWV is increased in an acute disorder apparently limited to the kidneys is intriguing. The authors interpret the increased baPWV as a result of systemic inflammation leading to arterial wall changes.
Both increased aortic and baPWV have been linked to states of general inflammation in recent studies. In Familial Mediterranean Fever [12] , and even after resolved vasculitis in Kawasaki's disease, elevated baPWV is present [18] . Andoh et al. [19] found a correlation between baPWV and high sensitivity C-reactive protein (hs-CRP) in Japanese men. Aortic PWV has been shown to be increased in ANCA-associated systemic vasculitis [10] and rheumatoid arthritis [20] . However, it is not readily evident why ASPGN, a localized glomerular disease, should be associated with comparable abnormalities of the arterial tree as these systematic inflammatory disorders. To underline the conclusion that systemic inflammation is the underlying process for the observed baPWV changes in APSGN, it would have been helpful to correlate inflammation markers such as CRP with the baPWV results.
An alternative explanations of the observed findings should be considered. During the acute phase of APSGN, blood pressure is significantly increased, compared to both healthy controls and children with acute pyelonephritis. Hypertension can influence pulse wave velocity [21] . Hypertension in ASPGN may be caused by volume overload, activation of the renin-angiotensin system, and sympathetic hyperactivity [22] . Kidney dysfunction has been generally linked to a hyperadrenergic state via stimulation of intrarenal afferent autonomous neurons and impaired catecholamine degradation by the kidneyspecific enzyme renalase [23, 24] . An increased vascular tone mediated by neural and/or humoral mechanisms might constitute a direct pathophysiological link between acute kidney injury and increased arterial stiffness.
Prognostic relevance of PWV
The findings of Yu et al. also highlight the potential prognostic value of a persistently increased PWV with regards to the progression of APSGN to chronic renal disease. Two of the observed children progressed to chronic kidney failure and one of them to end-stage renal disease. In both children, baPWV did not normalize. Therefore, the continuous elevation of PWV appeared to be predictive of the renal outcome, whereas laboratory markers such as hypocomplementemia and antistreptolysin titers were not. PWV has been shown to be increased in chronic kidney disease [3] [4] [5] [6] [7] , and the observation of Yu et al. might simply reflect chronic kidney disease without any specificity for the underlying disorder. In addition, persistently elevated blood pressure might have confounded the association.
Notwithstanding our incomplete mechanistic understanding, it is of interest that arterial stiffness was persistently altered in the few exceptional cases of APSGN turning from acute into chronic kidney disease. If PWV alteration during acute kidney injury proves to be predictive for long-term renal outcome, oscillometric PWV monitoring could become a valuable biomarker in clinical practice.
Perspectives
In conclusion, the study of Yu et al. is of considerable interest and should stimulate further vascular research using easily applicable non-invasive technology in children with acute and chronic kidney disorders. Such research, which should be performed in a variety of underlying renal diseases, should clarify the sensitivity and reliability of different PWV technologies in identifying ongoing or imminent cardiovascular disease and renal disease progression in children, relative to established clinical, anthropometric, and biochemical disease markers. If successful, these studies could lead the way to implementing PWV measurements in clinical practice as a useful adjunct to current cardiovascular monitoring routines.
